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Oxidative stress-inducible protein tyrosine phosphatase
in glomerulonephritis
LILT FENG, YIYANG XIA, DIETMAR SEIFFERT, and CURTIS B. WILsoN
Departments of Immunology and Vascular Biology, The Scnpps Research Institute, La Jolla, California, USA
Oxidative stress.inducible protein tyrosine phosphatase in glomerulo-
nephritis. Previously we found that rat mesangial cells express 3CH134/
CL100 protein-tyrosine phosphatase (PTPase) in response to reactive
oxygen intermediates (ROTs), and we now extend these studies to
glomerulonephritis (GN), where ROT have been demonstrated to play a
role. The rat homologue of 3CH134/CLTOO was cloned from a rat
macrophage eDNA library. The rat 3CH134/CL100 mRNA was strongly
induced in the lung, liver, and heart the first day after birth, suggesting that
hyperoxic adaption might be involved in the induction of the PTPase
mRNA. In anti-glomerular basement membrane (GBM) antibody (Ab)
GN in rats, the 3CH134/CL100 PTPase mRNA was expressed in glomeruli
as early as 30 minutes after anti-GBM Ab injection. The 3CH134/CL100
mRNA expression was modulated by the ROl scavenger dimethylthiourea
(DMTU), indicating that its induction was ROT related. In contrast to the
glomerular lesion, PTPase mRNA expression was not induced in experi-
mental tubulointerstitial nephritis. In Situ hybridization suggested that
mesangial and some infiltrating cells were the major glomerular cell
sources of the PTPase mRNA. These results indicate that rat CCH134/
CL100 PTPase is actively induced in glomeruli as part of an acute immune
injury at least in part related to oxidative stress. PTPase induction in GN
and potentially other forms of inflammation may play an important
regulatory role in protein kinase signaling pathways.
There is considerable evidence to suggest that reactive oxygen
species (ROI5) contribute to the pathogenesis of ischemic, toxic,
and immunologically-mediated renal injury. The role of ROIs in
glomerular injury during glomerulonephritis (GN) has been the
subject of review [1—4]. ROT-inducible dual specificity protein
[Tyr/(Thr, Ser)] phosphatase (PTPase) homologues, namely mu-
rifle or human 3CH134/MKP-1/erp/CL100 [5—9], have been iden-
tified which can inactivate mitogen-activated protein (MAP)
kinase (MAPK) involved in signal transduction. Identification of
ROl-inducible PTPases in immune glomerular injury would ex-
pand the potential role of ROTs in renal inflammation.
Two types of PTPase, transmembrane and cytosolic, are known,
with the former having two catalytic domains and the latter
usually having only one [101. The transmembrane group of
PTPases includes CD45, LAR, and LRP. Transmembrane
PTPases have been found in rat mesangial cells and a transmem-
brane PTPase, GLEPP1, has also been identified on glomerular
epithelial cells [11, 121. Reduced dephosphotylation of the EGF
receptor (via a PTPase) is involved in EGF-stimulated collagen
adherent glomerular epithelial cell proliferation [13].
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The cytosolic PTPases include a subfamily with dual specificity
for phosphotyrosine and phosphoserine/threonine, termed the
vaccinia VH1 family [14, 15], represented by the mammalian
homologues 3CH134 or CL100 as well as PAC-1 [16] and B23
[17]; yeast relatives are also known [18]. The 3CH134 or CL100
homologues also have amino acid similarity to cdc25 [19]. The
novel immediate early gene PTPase, coded by 3CH134 or CL100,
were recently shown to be highly induced by mitogens, oxidative
stress, heat shock, and angiotensin II [6, 7, 9, 20—22]. The human
CL100 gene is located on chromosome 5 and maps to 5q34 [23] or
5q35 [24]. The PTPase encoded by 3CH134 or CL100 is highly
specific for activated MAPK and suppresses its activation of
oncogenic ras as well as dephosphorylates and inactivates
p42MA1K, showing its possible regulatory role in phosphosylation
events involved in regulating kinase signaling cascades, although
these PTPases are not involved in some MAPK systems [8, 23,
25—28]. The 3CH134 or/CL100 PTPases could contribute to
inflammation in GN, but have not been found as yet to regulate
the activity of MAPK in vivo.
To study the possible contribution of the oxidant-induced
3CH134 or CL100 PTPases in glomerular injury, the rat homo-
logue, 3CH134/CL100, was cloned and its mRNA was shown to be
expressed in cultured rat mesangial cells in vitro after stimulation
by H202, heat shock, and IL-i [29]. Induction by H202 occurred
as early as 15 minutes, peaked at two hours, and declined
thereafter. The induction of the rat 3CH134/CL100 PTPase
mRNA by H202, IL-i, TNFa, and LPS in mesangial cells was
decreased by dimethyithiourea (DMTU, 10 mM), whereas DMTU
had little effect on induction by heat shock, serum, or PMA.
Neither cycloheximide nor actinomycin D blocked rat 3CH134/
CL100 gene expression. Nuclear run-off studies indicated that
DMTU inhibited the later phases of translation of the 3CH134/
CL100 induction by IL-i. H-7 and staurosporine did inhibit the
induction of rat 3CH134/CLiOO mRNA in mesangial cells by IL-i,
which suggests the involvement of a protein kinase C signaling
pathway (unpublished observations).
In the present study, the organ distribution of rat 3CH134/
CL100 PTPase expression during development and exposure to
neonatal adaptive stress was assessed. Expression of rat 3CH134/
CL100 PTPase (RNase protection assay, in situ hybridization) was
studied in anti-glomerular basement membrane (GBM) antibody
(Ab) GN, and the effect of ROl scavengers on the expression was
evaluated. The findings were compared with direct exposure of
glomeruli to oxidants and to experimental tubulointerstitial ne-
phritis (TIN).
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Methods
RT-PCR and riboprobe generation
Rat 3CH134/CL100 PTPase sense and antisense primers were
designed by alignment of human and mouse PTPase homologues,
CL100 [7] and 3CH134 [6], 5'-GGATCCGAAGCGTTTITCG-
GCrFCCTGC-3' with BamHI for sense, and 5'-CYFGTACTG-
GTAGTGACCCTC-3' for antisense. In vivo excised DNA from
an LPS-stimulated rat peritoneal macrophage eDNA library con-
structed in AZap II [30] was used as a template to clone the
PTPase eDNA 298 bp fragment (from 376 bp to 664 bp of mouse
homologue). PCR was performed for 30 cycles with denaturing at
93°C for 30 seconds, annealing at 60°C for 40 seconds, and
elongating at 72°C for 30 seconds. The PCR products were
digested with BamHI and subcloned in pBluescript (Stratagene,
La Jolla, CA, USA) digested with BamHI and EcoRV. The cDNA
was sequenced by an ABI 373A automated DNA sequencer
(Applied Biosystems, Foster City, CA, USA) using a T3 primer.
The rat 3CH134/CLI0O PTPase eDNA fragment obtained was
98% homologous to 3CH134. The recombinant plasmid was
linearized with BamHI and transcribed by using T7 RNA poly-
merase. The riboprobe transcribed from this fragment was fully
protected in an RNase protection assay as a 298 nt band.
cDNA library screening and DNA sequencing
Antisense riboprobes were transcribed from PCR-cloned rat
3CH134/CL100 PTPase with incorporation of [a32P] UTP by T7
RNA polymerase. Approximately 3 X io recombinant phages
from the rat macrophage cDNA library [30] were screened with
the radiolabled riboprobe. Hybridization to filters was carried out
overnight at 50°C in Hybrisol I (ONCOR, Gaithersburg, MD,
USA) with 200 .tg!ml of heat-denatured, sheared salmon sperm
DNA, 5 ig/ml of E. coli DNA, and a concentration of 2 X 10'
cpm/ml of the probe. Filters were washed once with 2 X SSC,
0.1% SDS at 37°C for 30 minutes, three times at 55°C for 30
minutes, two times at 65°C for 30 minutes, and one time at 75°C
for 20 minutes with 0.1 x SSC. The filters were dried and exposed
overnight to Kodak AR films, with an intensifying screen at
—70°C. Phagemids carried within AZap II recombinants were
rescued with helper phage. The DNA was subcloned and se-
quenced.
Glomerular isolation and RNA extraction from tissues
Glomeruli were isolated by sequential sieving through #60 and
#100 mesh wire screens. The glomeruli collected on the #200
mesh screen contained < 10% tubular contamination. After
washing with 0.9% saline, the glomeruli were homogenized in 4 M
guanidine isothiocyanate with a sonicator (Heat Systems-Ultra-
sonics, Plainview, NY, USA). The glomerular RNA (from anti-
GBM GN) or whole kidney RNA (from TIN) was prepared by a
single-step method [31], quantitated by absorption at 260 mm, and
was then frozen at —70°C [32]. In brief, glomeruli or renal tissues
were sonicated in 4 M guanidinium thiocyanate (25 m sodium
citrate, 0.1 M 2-mercaptoethanol, and 0.5% N-lauroylsarcosine).
Fifty microliters of 2 M NaOAc, 500 j.d water-saturated phenol,
and 100 jd chloroform!isoamyl alcohol (49:1) were added sequen-
tially, and the resulting mixture was centrifuged. The aqueous
phase containing the RNA was extracted and precipitated with
isopropanol at —20°C. The RNA pellet was redissolved in water,
quantitated, and frozen.
Probe generation and RNase protection assay
A NcoI fragment (177 bp) of rat 3CH134!CL100 PTPase was
subcloned into pGEM5Z and the clone with the 3' end towards T7
was selected. The recombinant plasmid was linearized with
EcoRV and transcribed with T7 RNA polymerase. A PCR-
generated 298 bp 3CH134!CL100 PTPase probe was also used for
RNAse protection assays. Two micrograms of glomerular total
RNA was hybridized with 1 X i0 cpm each of [32P] rat antisense
riboprobes for 3CH134/CL100 PTPase, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), which has been described
previously [32]. Unhybridized RNA was digested with RNase Ti
(Ambion, Austin, TX, USA) and RNase A (Sigma Chemical Co.,
St. Louis, MO, USA) at 30°C for one hour. The RNase was
digested with proteinase K for 30 minutes at 37°C. After phenol!
chloroform extraction and sodium acetate!ethanol precipitation,
the samples were electrophoresed on 6% polyacrylamide gel. The
dried radioactive blots were scanned on the AMBIS radioanalytic
imaging system (AMBIS, Inc., San Diego, CA, USA) for four to
six hours [31]. The blot was computer regenerated on the monitor
and rectangles were drawn to circumscribe the detected bands.
The amount of radioactivity present within each rectangle was
determined, corrected for background counts, and normalized to
a square centimeter. The data are presented as a ratio of the cpm
for the specific mRNAJGAPDH mRNA to ensure a constant
quantity of RNA in each sample.
In situ hybridization
In situ hybridization was performed as described previously [33]
with some modification [34]. Briefly, kidneys were perfused and
prefixed with 4% paraformaldehyde. The tissues were embedded
in OCT (Miles Laboratories, Elkhart, IN, USA) and were then
frozen on dry ice. 35S-labeled antisense and sense riboprobes were
transcribed from both directions using rat 3CH134/CL100 PTPase
eDNA cloned in pBluescript. Frozen sections (4 to 6 itm thick)
were fixed in 4% paraformaldehyde for 10 minutes on ice and
deproteinated in proteinase K solution (1 j.tg!ml) for 10 minutes at
room temperature. After washing in 0.5 X SSC for 10 minutes,
prehybridization was performed at 42°C for two hours in 50 ,iLl
prehybridizatiori buffer per section. The prehybridization buffer
contained 10 mi DTT, 0.3 NaC1, 20 m'vi Tris (pH 8.0), 5 mM
EDTA, 1 X Denhardt's, 10% dextran sulfate, and 50% form-
amide. Ten microliters of hybridization buffer with radiolabeled
probe (3 x i05 cpm per section) was added directly into the
bubble of prehybridization buffer covering the sections. Hybrid-
ization was performed at 55°C overnight. After washing in 2 X
SSC, slides were immersed in RNase digestion buffer (20 g!ml
RNase A) at room temperature for 30 minutes. The slides were
then washed twice in 0.5 X SSC without EDTA and 13-ME for 10
minutes. Following dehydration, the slides were dried, After
autoradiography for three days, the slides were dipped in Kodak
NTB2 nuclear emulsion diluted 1:1 with water at 42°C. Exposure
was done at 4°C in the dark for four weeks before development.
Expression of 3CH134/CL100 PTPase mRNA in feta4 newborn,
and adult rat tissues
Samples of brain, kidney, heart, liver, spleen, and lung were
collected from rats at the 20th day of gestation and within 10
hours of birth, as well as from adult rats. RNA was extracted as
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CAGATTAGGATCACCCAGCACTTGAGGACTTAGGGCCACAAAA
AACCGCACAAGATCGACAGACTATTTCTGGAGAGCTGCAGAACCGGCACGCTGCGGTCGCTGGTGCTGCCC
ATG GTG ATG GAG GTG GGC ATC CTG GAC GCC GGG GGG CTG CCC GCG CTG CTG CGAN V N E V G I L C A G G L R A L L R
GAG CGC GCC GCT CAG TGC CTG CTT CTG GAT TGT CGC TCC TTC TTC GCC TTC AAC
S R A A Q C L L L D C K S F F A F N
GCC GGC CAC ATC GTG CCC TCA GTG AAC GTG CGC TTC AGC ACC ATC GTG CGG CCCA G H I V C S V N V K F S T I V K K
CGC GCC AAG GGC GCC ATH GGC CTG GAG CAT ATC GTC CCG AAC ACC GAA CTG CGCK A K G A N G L S H I V P N T S L K
GGC CCC CTG CTG GCC GGA GCC TAT CAC CCC GTA GTG CTG TTG GAC GAA CGC AGCG K L L A G A Y H A V V L L C S K S
GCC GCC CTG GAC GGC GCC AAG CGC GAC GGA ACC CTG GCC CTC GCC GCG GCC GCGA A L C G A K K D G T L A L A A G A
CTC TGC CGA GAA CCC CGC TCC ACT CAA GTC TTC TCC CTC CAA GGA GGA TAT GAAL C K E K R S T Q V F S L Q C G Y E
GCG TTT TCG GCT TCC TGC CCT GAG CTC TGC AGC AAA CAG TCC ACC CCC ATC GGG
A F S A S C P 5 L C S K Q S T P N G
CTC AGC CTC CCG CTG ACT ACT ACT GTC CCT CAC ACT GCA CAA TCC CGA TGC AGC
L S L P L S T S V P D S A E S C C S
TCC TGT AGT ACC CCT CTC TAC GAC CAG GGG CCC CCA CTG GAG ATC CTC TCC TTC
S C S T P L Y D Q C C P V S I L S F
CTG TAC CTG CCC ACT GCT TAC CAT CCT TCC CGG AAA CAT ATG CTC GAC GCC TTGL Y L C S A Y H A S R K C M L C A L
GGT ATC ACT GCT TTG ATC AAC GTC TCG CCC AAT TCT CCT AAC CAC TTT GAG GGT
C I T A L I N V S A N C P N H F S C
CAC TAC CAG TAC AAG AGC ATC CCT GTG GAG GAC AAC CAC AAG GCA GAC ATT AGC
H Y Q Y K S I P V 5 0 N H K A C I S
TCC TGG TTC AAC GAG CCC ATT GAC TTT ATA CAC TCC ATC AAG CAT GCT GGA GGAS W F N S A I D F I 0 S I K D A G C
AGG GTG TTT GTG CAC TGC CAG CCC CCC ATC TCC ACC TCA GCC ACC ATC TGC CTTK V F it C Q A C I S It S A T I C L
GCT TAC CTC ATC ACG d AA AeTC CTAC GAG CCC TTT GAG TTC GTGA Y L N K T N R V K L C S A F E F V
AAG CAC AGC CCC ACT ATT ATC TCC CCC AAC TTC AGC TTC ATG CCC CAG CTG CTC
K Q K R S I I S P N F S F N C Q L L
CAA TTT GAG TCC CAA CTA CTG CCC CCT CAC TGT TCT GCA GAA GCT CCC AGC CCC
Q F E S Q V L A P H C S A E A C S P
CCC ATG GCT GTC CTT GAC CCC CCC ACC TCT ACT ACA ACG GTC TTC AAC TTC CCTA H A V L D K C T S T T T V F N F P
ATC TCC ATC CCT GTT CAC CCC ACG AAC ACT CCC CTG AAC TAC CTT CAA AGC CCC
I S I P V H P T N S A L N Y L Q S P
ATC ACA ACC TCT CCC AGC TCC TGA AGGGCCAGCGCACCTCTGGACTTTCACGTGCCACCCGGA
I T T S P S C
CGACACTCCTCCCATGGGAGGAGCAATGCAATAACTCTGGGAGAGGCTCATGTGAGCTGGTCCTTATTTAT
TTAACACCCCCCCCCCAAACACCTCCCCACTTCCACTGAGTTCCCAAGCAGTCATAACAATGACTTGACCG
CAAGACATTTCCTGAACTCAGCCCGTTCGGGACCAATATATTGTGGGTACATCGAGCCCCTCTGACAAAAC
AGGGCAGAACGGAAAGGACTCTGTTTGAGCCAGTTTCTTCCCTTGCCTGTTTTTTCTAGAAACTTCGTGCT
TGACATACCTACCAGTATTAACCATTCCCGATGACATACACGTTTGAGAGTTTTACCTTATTTGTGT
GGGTCGGTCCTCTCCCCTCACAAATGTGATTCTCTACTCATACAACAACCAAATACCTCACTTTCTGTGTT
TGCGTACTGTACTATCTTCTAAATAGACCCAGACCAGCCTTTCACCACTCATCCACGAACCCAGTGTTGGT
TTGTTTGTAGCTTTTAGCTATCAACACTTCTATCTTTGTTTIITGATCTGAAGTAATATATTTCTTCT
TCTGAGAAGACATTTTGTTACTAGGATGACTTTTTTTTTATACAGCAGAATAAATTATGACATTTCTATTG
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Fig. 1. The cDNA and predicted amino acid
sequences of the rat 3CH134/CLJOO PTPase are
shown. The position of the conserved active-site
sequence of PTPases at amino-acids 256 to 264,
which is indicated by the shadowed box,
represents sequence identity between 3CH134,
CL100, and vaccinia Hi [7]. A number of
ATTIA repeats (underlined) are present in the
3' untranslated region.
described above, and steady state levels of rat 3CH134/CL100
PTPase mRNA were assessed by RNase protection assay.
Anti-GBMAb GN
Anti-GBM Ab was prepared as described previously [35].
Female Lewis rats (The Scripps Research Institute Breeding
Colony), weighing 170 to 250 g, were used for these experiments.
The rats were divided into two groups, with group I (N = 12)
receiving anti-GBM Ab IV; group II (N = 9) received 0.5 ml
normal rabbit serum (NRS) IV. Group I rats were euthanized in
groups of three at 30 minutes, 3, 6 and 24 hours after anti-GBM
Ab. Three NRS control rats were euthanized at 30 minutes, 6 and
24 hours. Urinary protein excretion over 24 hours was determined
[35]. In a second study, groups of six rats received the ROl
scavenger, DMTU 500 mg/kg body wt or vehicle IV, 10 minutes
before the injection of anti-GBM Ab. The rats were euthanized at
30 minutes.
Anti-TBM antibody TIN
Brown Norway rats were immunized to develop anti-TBM
antibody-associated TIN as previously described, using bovine
TBM or ovalbumin controls [36]. Kidney tissue from sensitized
and control rats obtained at 3, 7, 8, 9, 10, 12, and 14 days after
immunization was studied for PTPase mRNA expression by
RNase protection assay.
Perfusion of H202 into the renal artery
H202 in saline at a concentration of 0.88 M was infused into the
renal artery of the left kidney at a rate of 1 ml/hour for 30 minutes.
Saline infusion alone was used as a control. The right and left
kidneys were sampled at one hour after completion of the infusion
for study of PTPase mRNA expression using the RNase protec-
tion assay.
Results
Cloning of rat 3CH134/CLJOO PTPase
About 3 X io plaques were screened after two rounds of
screening with the 32P-labeled antisense riboprobe. By restriction
enzyme mapping and double strand sequencing, two clones were
found that encoded rat 3CH134/CL100 PTPase, with a deduced
polypeptide of 367 amino acids (Fig. 1). The deduced protein
contains an active site-sequence of protein-tyrosine phosphatases
at amino-acids 256 to 264, which is conserved among rat, mouse,
and human. The overall DNA sequence homology between rat
and human was 91% in the coding region, and 95% between rat
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RATCL100 1
MM3CH134M 1
}ISCL100 1
NVMEVGI LDAGGLRALLRErAAQCLLLDCRSFFAFNAG}iIvGSVNVRFSTIVRRRAXGANG
11111111 II II II III 111111 II! I I III I II
MVMEVGILDAGGLRALLREgAAQCLLLDCRSFFAFNAGHIAGSVNVRFSTIVRRRAKGANG
I liii I I III I I I I 1111111 I I 1111111 I III I
MVMEVGtLDAGGLRALLgErAAQCLLLDCRSFFAFNAGHIACSVNVRFSTIVRRRAXGAMG
62 LEHIVPNtELRGRLLAGAyHAVVLLDE}sAaLDGAKRDGTLALAAGALCRErRSTQVFsLQ
62 LEHTVPNAELRCRLLAGAYHAVVLLDERSAsLDCAKRDGTLALAAGALCREARSTQVFFLQ
III I II II 1111 II I II II III II I liii II III
62 LEHIVPNAELRGRLLAGAYHAVVLLDERSAaLDCAKRDGTLALAAGALCREARaaQVFFLk
123 GGYEAFSASCPELCSKQSTPmCLSLPLSTSVPDSAESGCSSCSTPLYDQGGPVEILSFLYL
III 11111 111111 II II liii II I I III I 111111 II liii
123 GGYEAFSASCPELCSKQSTPtGLSLPLSTSVPDSAESGCSSCSTPLYDQGGPVEILSFLYL
I I III liii I liii I II liii I liii! II liii
123 GGYEAFSASCPELCSKQSTPmGLSLPLSTSVPDSAESGCSSCSTPLYDQGGPvEILpFLYL
and mouse. Figure 2 shows that the predicted amino acid se-
quence of rat 3CH134/CL100 PTPase is 98% homologous with
the mouse 3CH134, and 96% with the human CL100 PTPase.
Expression of 3CH134/CLJOO PTPase mRNA in fetal, newborn,
and adult rat tissue
The expression of rat 3CH134/CL100 PTPase in fetal organs
was less than in the corresponding adult tissue (Fig. 3). In heart,
liver, spleen, and lung a striking increase in expression was
observed in the neonatal samples, suggesting that stress associated
with delivery such as exposure to environmental oxygen may have
stimulated oxidant-related PTPase expression.
Expression of rat 3CH134/CL100 PTPase in anti-GBM Ab GN
The steady state rat 3CH134/CLIOO PTPase/GAPDH mRNA
ratio increased three- to fourfold in rats receiving anti-GBM Ab
compared with those given NRS at 30 minutes (Fig. 4). The
elevated expression persisted through six hours and had returned
to that of the NRS group by 24 hours. The expression correlated
with the known onset of acute inflammation characterized by an
increased influx of neutrophils through six hours, which receded
by 24 hours with residual mononuclear leukocyte infiltration. The
24 hours urinary protein excretion in rats euthanized at 24 hours
was 130 20 mg versus <5 mg124 hr for the anti-GBM and NRS
groups, respectively, indicating the severity of the glomerular
injury being studied.
In situ hybridization localization of rat 3CHJ34ICL100 PTPase
expression in glomeruli
By in situ hybridization, the expression of rat 3CH134/CL100
PTPase was prominent in glomeruli at one hour (Fig. 5). The
grains were most prominent over what appeared to be mesangial
Fig. 2. A comparison of the predicted amino
acid sequences of the rat 3CH134/CLJOO
fratCLlOO), murine 3CH134 (MM3CHJ34 M),
and human CLIOO (HSCL 100) PTPases is
presented. Optimal alignment was determined
using the Genalign program (Integenetics,
Mountain View, CA, USA). The area of
conserved active Site residues, HCXXXXXR,
typical of this group of PTPases is noted by the
arrows.
and intraluminal cells, with the latter probably representing
endothelial cells or mononuclear inflammatory cells. Neutrophils,
when clearly identified, often appeared free of grains. Occasional
cells in peritubular capillaries were positive, and some segments of
the renal tubules had scattered grains over the renal tubular
epithelial cells.
The scavenger, DMTU, at the dose of 500 mg/kg i.p. was found
to decrease (Fig. 6) PTPase mRNA expression in vivo. This
finding suggests that early induction of PTPase in glomeruli
during GN is at lease in part ROl dependent.
Comparison of bovine TBM-injected and ovalbumin-injected
control rats showed little or no increase in PTPase mRNA
expression over the time course of development of anti-TBM
antibody-associated TIN (Fig. 7).
Direct effect of glomerular oxidant exposure by infusion of H202
into the renal artery
An increase in PTPase mRNA expression was found in the
glomerulus at one hour after a 30-minute infusion of H202. This
increase was seen in comparison with the uninfused right kidney
or after saline infusion (Fig. 8). The H2O2-induced PTPase
expression was infiltrate-independent, suggesting that resident
glomerular cells are capable of producing PTPase mRNA.
Discussion
In this study, 3CH134/CL100 PTPase was strongly induced in
vivo at birth and in the glomerulus of the rat with anti-GBM Ab
184 GSAYF1ASRKDMLDALGITALINVSANCPNHFEGHYQKSIPVEDNH1KADISSWFNEAIDFI
I I I III I I II I III! II II liii I I II 11111
184 GSAYHASRKDMLDALGITALINVSANCPNHFEGHYQYKSIPVEDNHKADISSWFNEAIDFI
II II I liii III III I II I I I III liii I II II
184 GSA'LHASRKDMLDALGITALINVSANCPNHFEGHYQYKSIPVEDNHKADISSWFNEAIDFI
!' V245 DSIXDAGGRVFVHCQAGISRSATICLAYLMRTNRVKLDEAFEFVKQRRSIISPNFSFMGQL
I II I II III II 11111 I I II III I 111111 II I245 DSIXDAGGRVFVHCQAGISRSATICLAYLMRTNRVKLDEAFEFVKQRRSIISPNFSFI4GQL
I II II I III 11111 I III III I I II II I I I245 DSIKnAGGRVFVHCQACISRSATICLAYLMRTNRVKLDEAFEFVKQRRSIISPnFSFNGQL
306 LQFESQVLAPHCSAEAGSPAMAVLDRGTSTTTVFNFPiSIPVHPTNSALNYLqSPITTSPSC.
1111111111111111111111111111111111111 11111111111 III 1111111111306 LQFESQVLAPHCSAEAGSPANAVLDRGTSTTTVFHFPVSIPVHPTNSALNYLkSPITTSPSC,
1111111111111111111111111111111111111111111 11111 II 1111111111306 LQFESQVLAPHCSAEAGSPAMAVLDRGTSTTTVFNFPVSI?VHsTNSALSYLqSPITTSPSC.
Effect of DMTU on rat 3CHJ34ICL100 PTPase expression in anti-
GBMAb GN
Expression of PTPase in experimental TIN
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PTPase-
GAP-
Brain Kidney Heart Liver Spleen Lung
F N A F N A F N A F N A F N A F N A
-PTPase
-GAP
PTPase cpm x 10
GAP cpm
0.17 0.09 0.26 0.06 0.07 0.27 0.05 0.16 0.21 0.32 0.92 0.69 0.28 0.45 1.32 0.61 1.31 1.55
Fig. 3. Expression of rat PTPase (3CHI34ICLJOO) mRNA in several organs in fetal (F), newborn (N), and adult (A) rats is shown for comparison with
GAPDH (GAP). A 177 bp probe for 3CH134/CL100 PTPase was used in this RNase protection assay. The protected bands are shorter than the probes
due to digestion of the unprotected polylinker regions. The ratios of counts per band as detected by the AMBIS radioanalytic imaging system are present
below.
PTPase-
GAP-
30 mm (-)30 mm (+) 1H (+) 3H (-) 3H (÷) . 6H (÷) 24H (-) 24H ()
PTPase cpm x 10
4.1 3.7 4.4 14 14 18 6.8 8.71.1 0.5 0.8 1.0 4.4 4.8 6.5 5.7 6.4 3.2 4.6 3.4 3.5 2.9 2.7 2.9
GAP cpm
-PTPase
-GAP
Fig. 4. Time course of rat PTPase (3CH134/CLJOO) mRNA accumulation in a glomerulus at various times after anti -GBMAb (+) or normal rabbit serum
(—) is shown. A 298 bp probe for 3CH134/CL100 PTPase was used in this RNase protection assay. AMBIS analysis used for assessment of the data is
described in Figure 3.
GN. The time course of the 3CH134/CL100 PTPase expression in
anti-GBM Ab GN correlated well with the pathological process of
this model, suggesting an important role of the PTPase. Further-
more, we found the scavenger, DMTU, decreased early 3CH134/
CL 100 PTPase expression in the anti-GBM Ab model of GN. The
in vivo inhibition of 3CH134/CL100 PTPase mRNA expression by
DMTU confirmed that PTPase expression in glomeruli was at
least in part related to ROTs. The rather striking increase in
3CH134/CL100 PTPase gene expression in vivo in the lung, liver,
and spleen immediately after birth suggests its induction by
external signals. These organs are subjected to environmental
oxygen immediately upon birth, which may represent a hyperoxic
stress relative to their in utero exposure.
Our previous in vitro study 29] strongly supported the oxidant
induction mechanism of rat 3CH134/CLTOO PTPase expression in
mesangial cells. Interestingly, IL-i, TNFa, and LPS could stimu-
late 3CH134/CL100 PTPase gene expression in mesangial cells,
and DMTU inhibition of the later phases of this induction implied
the ROT dependence. These in vitro, and the current in vivo,
findings suggest a molecular linkage between proinflammatory
cytokines, ROIs, and 3CH134/CL100 PTPase expression. The
findings expand the notion that PTPase expression may be an
important regulatory system in the process of inflammation in
which cytokines play a central role. The in situ hybridization
studies in the anti-GBM Ab GN model suggested mesangial cells
as one source of the in vivo 3CH134/CL100 PTPase expression.
Since several cells including glomerular mesangial cells have been
shown to express MAPK in response to other potential inflam-
matory stimuli [37—39J, it would suggest that the control of
phosphorylation may be a major player in inflammatory signal
transduction in the glomerulus. Of interest, an elevation in the rat
3CH134/CL100 PTPase was not observed during autoimmune
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Fig. 5. Tissue from a rat one hour after anti-
GBM Ab was studied by in situ hybridization
using an antisense rat 3CH134/CL 100 riboprobe
and showed predominant localization of grains to
the glomendus, with the mesangial and
intraluminal cells most frequently positive, A and
B (blue filter). In C and D (blue filter), no
increase in grains was seen when a sense probe
was used on the same tissue. In E and F (blue
filter), no increase in grains was found in
normal rat kidney using the antisense probe
shown in (A and B). Original magnification x
400; a blue filter was used in B,D, and F to
reduce the apparent nuclear staining and to
allow better visualization of the grains.
tubulointerstitial nephritis in the Brown Norway rat (unpublished
observations), suggesting selectivity in the glomerular expression
observed in the current study.
The complex contributions of activated neutrophils and mono-
cytes to the generation of injury include the release of a number
of enzymes and potentially nephrotoxic ROTs [1—4]. Stimulated
neutrophils produce a high level of ROIs which can be cytocidal
as they cause irreversible damage to DNA, proteins, and lipids
that are essential for killing of microorganisms, but can also cause
tissue injury during inflammation [401. RU! formation in mesang-
ial cells could result in morphologic lesions and in modifications
of glomeru!ar permeability to proteins through activation of
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PTPase-
GAP-
-DMTU +DMTU
I I I
-PTPase
-GAP
PTPase cpm
GAP cpm
1.47 1.44 1.40 0.39 0.51 0.55
Fig. 6. A marked decrease in PTPase (3CH134/
CL]00) mRNA expression was seen at 30
minutes after administration of anti-GBM Ab in
rats pretreated with DMTU A 177 bp probe for
3CH134/CL100 PTPase was used for this
RNase protection assay. AMBIS analysis used
for assessment of the data is described in
Figure 3.
PTPase-
GAP-
a)n D D7 D8 D9 D10 D12 D140
________________ ________ ________ ________ ________ ________I I +11 - +1 +lI + +II +1
-PTPase
-GAP
PTPase cpm x 10
GAP cpm
0.08 0.1 0.12 0.113 0.06 0.1 0.23 0.07 0.09 0.07 0.18 0.42 0.15 0.21
Fig. 7. Little or no increase in PTPase mRNA expression was seen over the course of development of anti- TBM antibody-associated TiN when ovalbumin
(—) and bovine TBM immunized (+) rats were compared. A 298 bp probe for 3CH134/CL100 PTPase was used in this RNase protection assay. AMBIS
analysis used for assessment of the data is described in Figure 3.
proteases and reduction of proteoglycan synthesis. It was reported
that perfusion of the kidney with 02 metabolite scavengers
(catalase or dimethylthiourea) in the presence of the neutrophil
elastase inhibitor, Eglin C, prevented the toxic effects of LPS and
FMLP-treated neutrophils infused in the isolated perfused kidney
[41]. In experimental anti-GBM Ab GN, catalase reduced pro-
teinuria 75%, while superoxide dismutase and dimethyl sulfoxide
were ineffective, suggesting that H202 was involved [42]. °2
metabolites generated by xanthine oxidase also caused injury in
reperfused ischemic kidney [43].
There are other genes that can be activated by oxidative stress,
such as VCAM [44] and COX-2 [291. The mechanisms by which
these unrelated genes are induced are not very clear. An inter-
esting finding is that ROIs may serve as messengers mediating
directly or indirectly the release of the inhibitory subunit 1KB from
NF-KB to activate NF-KB transcription factor [45]. NF-KB is a
multisubunit transcription factor that can rapidly activate the
expression of genes involved in inflammatory, immune, and acute
phase responses [46]. Moreover, ROIs were reported to activate
APi [47] at the dose of 250 LM, and Egr-1 at the dose of 50 /LM
[48]. In our in vitro study, N-acetyl-cysteine (NAC) was found to
inhibit the induction of PTPase by H202 [29]. NAC can raise
intracellular GSH levels and thereby protect cells from the effects
of ROIs.
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GAP-
PTPase cpm x 10
GAP cpm
4.4 4.7 4.9 1.6 1.5 2.0 1.5 1.6 1.5
Fig. 8. An increase in PTPase mRNA expression
was induced in the H202-infused left kidney in
-GAP comparison with the unperfused right kidney. No
increase in expression was seen following a
control saline infusion. A 298 bp probe for
3CH134/CL100 PTPase was used in this RNase
protection assay. AMBIS analysis used for
assessment of the data is described in Figure 3.
The potential role of PTPases in mesangial cell dysfunction,
which could contribute to glomerular injury, was suggested in
studies using PTPase inhibition by vanadate in cultured mesangial
cells [49]. In these studies, vanadate led to increased tyrosine
phosphorylation, increased DNA synthesis, cell proliferation, and
platelet-derived growth factor (PDGF)-B chain gene expression,
which was dependent on tyrosine kinase and protein kinase C
activation. The authors suggest that vanadate proposed as a
therapeutic modality for diabetes might lead to glomerular com-
plications by its effects on mesangial cell function. Recent studies
in which vanadate pretreatment and the presence of MKP-1
(3CH134/CL100) mRNA in v-raf expressing macrophages suggest
that RAF may be altering the MAPK pathway through control of
MKP-1 expression [50].
We and others found that 3CH134/CL100 could induce cyto-
toxic effects by transfection [9]. Constitutive expression of the
3CH134/CL100 product has a negative effect on fibroblast prolif-
eration. This explanation is consistent with a recent report
showing that inhibition of MAP kinase activation by MAP kinase
antisense RNAs or kinase-deficient mutants inhibits mouse fibro-
blast proliferation [51]. Another member of the cytosolic PTPase
family, PTP1C, was linked to the murine moth-eaten phenotype,
suggesting that PTP1C may directly or indirectly negatively regu-
late proliferation and growth of a number of hemopoietic cell
lineages [52].
Our data suggested that rat 3CH134/CL100 PTPase is one of
the early response genes inducible in experimental anti-GBM Ab
GN, with increased expression appearing as early as 30 minutes
after Ab injection. The expression time course correlates with the
initiation of the pathological process. We speculate that the
3CH134/CL100 PTPase may play an important regulatory role in
the cellular response in this glomerular inflammation. Further
studies are necessary to define the precise role of PTPase in the
pathogenesis of GN as well as in other inflammatory lesions.
Administration of such things as DMTU, which was shown to
decrease PTPase expression, could not be interpreted due to the
multiple roles of oxidants in glomerular injury. Agents capable of
specific inhibition of PTPase expression or its effects which do not
have added anti-inflammatory properties will be needed to ad-
dress the contribution of PTPase in inflammatory processes.
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